Introduction: Anaerobic resistance, i.e. the capacity to perform repeated series of anaerobic exercises at the maximum, is an indispensable feature for soccer players. The aim of the study was thus to determine the anaerobic resistance of soccer players by applying repeated maximal sprints. Materials and Methods: A group of 14 soccer players aged 19 -27 years-old was subjected twice, in January and March, to a test consisting of maximal running 6x50 m with 15s intermissions between runs. The registered times were converted to speeds. The ratio of average speed to the maximum one achieved in all 6 runs, or the Performance Index (PI), was the measure of anaerobic resistance. Results: Average and maximum speeds were signifi cantly (p<0.001) higher in March (5.47 ± 0.25 and 5.67 ± 0.28, respectively) than in January (5.73 ± 0.31 and 5.97 ± 0.31, respectively), although still rather low. The PI values were on both occasions alike (0.960 and 0.965) and were not correlated with maximum speeds. Discussion: The presented method may serve as a useful tool in determining and classifying athletes with respect to their anaerobic resistance by applying repeated series of specifi c exercise.
INTRODUCTION
Anaerobic resistance (AR), defi ned as the capacity to perform a task consisting of repeated series of anaerobic exercise at the maximum 1 , is an indispensable feature for soccer players. The defi nition of AR is thus close to sprint resistance 2 , i.e. the capacity to undertake many sprints and/or explosive series, without a substantial loss of speed. According to MacDougall et al. 3 and Vrabas et al. 4 , that capacity is related to adaptation, induced by high-altitude training, to an effi cient oxygen utilisation by muscle cells. Thus, soccer players having high anaerobic resistance would exhibit a high resistance to fatigue and fast recovery following intense, repeated exercises performed during a match, like shots, sprints and other actions. When breaks between such exercises are not long enough, the resynthesis of phosphagen sources would be insuffi cient and the energy would be supplied by lactic glycolysis leading to mounting fatigue and decreased performance 5 . In the reported studies involving short-duration, repeated exercises 6,7,8,9,10,11,12,13,14,15
, the authors analyzed individual exercises in a series but not the entire exercise consisting of several series. Therefore, the previously described method using the commonly called performance index (PI) 16,17,18,19,20 was used in this study to determine the anaerobic resistance of soccer players.
Objective
The aim of the study was to determine the effects of the standard training regimen in the preliminary training period on the anaerobic resistance of soccer players measured by applying repeated, maximal sprints.
MATERIALS AND METHODS
A group of 14 soccer players from "Glogovia" club, aged between 19 and 27 years-old, volunteered to participate in the study. The group included two goalkeepers, two forwards, fi ve full-backs and fi ve midfi elders. Their body stature ranged from 162cm to 188 cm, body mass from 65kg to 88kg, and training experience from 6 to 14 years.
All players were submitted to maximal running tests consisting of six sprints, 50m each, separated by 15s passive breaks. The times of every sprint were registered and converted to speeds in order to render decreasing values. The test was preceded by a warm-up during about 10 min and consisting of dynamic exercises and a single 50m sprint at maximum speed. The measurements were conducted twice: at the beginning (January) and at the end (March) of the preliminary training to the second round.
The AR, i.e. the capacity to maintain the highest possible running speed throughout the test, was expressed as PI 16,17,18,19,20 , defi ned as the ratio of average value registered in the series of exercises to the maximum the test. The heart rates were measured manually before the test (but after the warm-up) and after the test.
The ANOVA Three-way (subjects -exercise series -periods) was applied to the speed data followed by Scheffé's post-hoc test for paired data and the Student's "t" test for the difference in PI values. The relations between the pre and post-training results or between speeds and PI values were determined by Pearson's correlation coeffi cients. The level of p≤0.05 was considered signifi cant.
RESULTS
The average values (± standard deviation) registered in the studied group, both somatic and performance-related, are presented in Table 1 . Average and maximum speeds achieved in March were signifi cantly (p<0.001) higher than in January. In contrast, average heart rates, both pre and post-exercise, were signifi cantly lower (p<0.01). No signifi cant difference was noted for the PI. Significant (p<0.001) improvement in running speeds was observed in all subjects except one half-back in whom no significant change was noted and the speed increment was fairly constant (Image 2). In contrast, the values of PI registered on both occasions were uncorrelated (Image 3).
The relation between values of the performance index and of maximum speed achieved in the series of 6 sprints is shown in Image 4. The lack of signifi cant correlation (r=-0.054) enabled classifi cation of players according to their maximum sprint speed and anaerobic resistance. Among the 14 players studied, two (one forward and one full-back) exhibited high sprint speed combined with high anaerobic resistance.
DISCUSSION
The results achieved by soccer players in March were signifi cantly higher than in January which may suggest an effect of training or lower engagement of subjects in the test in January than in March. Their engagement and/or running capacity were in any case unsatisfactory; the average maximum running speed amounting to 5.97±0.31m.s -1 was markedly (by about 1m.s -1 ) lower than that registered in a representative group of 17 to 20 years-old untrained schoolboys 20 . In contrast, average PI values measured on both occasions did Image 4. On the other hand, two players in the lower left corner are defi cient in both -speed and anaerobic resistance.
In conclusion, the method used in this study enables determining individual players with respect to their anaerobic resistance, i.e. capacity to perform a task consisting of repeated series of anaerobic exercise at the maximum, by determining the PI, i.e. the ratio of average speed to the maximum one achieved in several maximal runs spaced by short intermissions. The PI was not correlated with maximum speed, thus enabling clasnot differ signifi cantly from one another and were very high -over 0.95. That high PI was another sign of the tests being performed not at maximum; otherwise the fatigue developing in consecutive runs would be more noticeable.
The PI used in this study was shown to be independent from the number of series in a exercise or from the changes of courses 1, 21 . The lack of correlation between PI and maximum speed, confi rmed in this study, enabled applying the scattergram (Image 4) to a determining and classifi cation of soccer players. Namely, the most promising would be those, who would manage to achieve highest running speed and highest PI simultaneously. Two players like that are shown in the upper right corner of 
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Image 1 -Average values (± standard deviation) of maximum running speed achieved by soccer players (n=14) in a series of 6x50m sprints, separated by 15s intermissions, before (January) and after (March) preliminary training to the second round Image 4 -Relation between the values of performance index (PI) and maximum sprint speed (V max ) achieved by individual soccer players (n=14) after preliminary training to the second round (March). The circle, whose radius is equal to a standard deviation of both variables, delimits the area of average performance. Image 3 -Performance index (PI) values achieved by individual soccer players (n=14) before (January) and after (March) preliminary training to the second round Image 2 -Maximum sprint speeds achieved by individual soccer players (n = 14) before (January) and after (March) preliminary training to the second round. The identity line is shown.
